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(§) High production laser welding assembly and method. 



(57) A method for butt welding metallic sheets 
along a relatively long common seam line by 
providing a plurality of laser welding devices 
aligned above the common seam line, and ef- 
fectively spaced from one another along a lon- 
gitudinal axis. In a preferred embodiment, each 
welding device is independently adjustable in a 
direction parallel to a transverse axis which is 
perpendicular to the longitudinal axis. The 
metallic sheets ase aligned on the upper surface 
in abutting relationship along the seam line and 
damped for welding. Each laser welds only a 
portion of the sheets along the seam line, and 
the length of the relative movement between the 
welding devices and the sheets is greater than 
the effective spacing distance between welding 
devices to insure that a continuous weld bead is 
provided along the common seam line. 
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TECHNICAL FIELD 

This invention relates to an apparatus and meth- 
od for butt welding metallic sheets along a relatively 
long common seam line, and, more particularly, to an 
improved apparatus and method for minimizing the 
cycle time for automatically loading, fixturing, and 
welding a plurality of metallic sheets along a relatively 
long common seam line, and removing the welded 
sheets for further processing, with such apparatus 
and method comprising the use of a plurality of laser 
welding heads which simultaneously weld overlap- 
ping portions of that common seam line. 

BACKGROUND ART 

In a wide variety of manufacturing and steel proc- 
essing applications, it is often desirable or necessary 
to join together sheets or strips of metallic materials 
such as steel or the like. Such sheets to be joined may 
be of the same, similar, or different materials. As in 
any manufacturing operation, cycle time is an impor- 
tant factor in determining the relative cost and applic- 
ability of particular manufacturing procedures. 

Laser welding of sheets or strips of metallic ma- 
terials is a relatively highly competitive industry, 
wherein high volume and quality are absolutely critical 
to the success of a particular apparatus and/or meth- 
od. To achieve these goals, high part cycle rates must 
be achieved. Inherently, each cycle is made up of a 
combination of sheet handling steps, sheet move- 
ment and fixturing, and welding operations. Sheet 
handling operations include supplying sheets to a 
welding device, preliminarily locating the sheets on 
the welding device, and removing a welded finished 
product therefrom. Preliminarily aligned sheets must 
thereafter be moved into abutted registration along a 
common seam line for welding, and f ixtured in place 
to enable accurate welding. Maximum welding 
speeds are limited by power requirements and quality 
considerations, and the finished welded product must 
be removed from the welding area before subsequent 
sheets can be brought in for fixturing. 

One attempt to increase the efficiency of laser 
welding operations is shown in U.S. Patent 
4.877,939, which issued to W. Duley. et al. Particular- 
ly. Duley et al. contemplated the pretreatment of the 
metallic materials with radiation at a shorter wave- 
length, such as ultraviolet radiation from an excimer 
laser, to reduce the reflectivity of the material to radi- 
ation in the infrared wavelength range. The shorter 
wavelength radiation partially oxidised the surface of 
the sheet material to increase its absorptivity to in- 
frared radiation, such as that from a YAG or C0 2 laser 
used for cutting the material. Such pretreatment alleg- 
edly increased the cutting rates achievable with the in- 
frared laser devices, and achieved quality equivalent 
to that obtained with conventional mechanical cutting 



apparatus. 

U.S. Patent 4,691,093, which issued to C. Banas, 
et al., discloses a laser welding device using multiple 
focal spots to overcome problems such as poor fit-up 

5 of mating surfaces of items to be welded, and in other 
applications where a broader bead profile is required. 
By adjustment of the twin spot focusing optics, the 
beam spots can be separated longitudinally along the 
seam to increase the mdtpool link, or greater separa- 

10 tion of the beams can allow one beam to effectively 
preheat the material prior to application of the subse- 
quent laser spoL In any case, however, the speed and 
efficiency of the weld is limited by the power of the las- 
er supply and the movement of the twin beams along 

15 the length of weld seam. 

U.S. Patent 4,857,697, which issued to M. Mel- 
ville, contemplates a continuous seam welding appa- 
ratus which can include a plurality of laser beams di- 
rected onto the seam of sheet materials to be welded. 

20 Pulsed applications of laser energy are overlapped 
along the seam weld following cooling and stabliza- 
tion of adjacent weld spots. In this way, each pulse 
has time to stabilize before being partially restruck by 
a subsequent pulse, and the weld seam is created by 

25 these alternately applied overlapping spots along the 
length of the butting seam between the sheet material 
pieces. 

Another attempt to increase the efficiency of las- 
er welding techniques is set forth in U.S. 4,330,699, 

30 which issued to M. Farrow. Here, the laser is modu- 
lated at an ultrasonic frequency to induce acoustic 
waves into the melt of a weld joint Farrow teaches 
that it is best to apply the "sound laser" at lower power 
levels and following the application of a high powered 

35 welding laser. Both of these lasers, however, must 
travel over the entire length of the seam for proper ap- 
plication. 

In applications requiring relatively long welds 
along a common seam line, it has also been found that 

40 problems arise in maintaining the proper gap width 
along the seam line to permit high quality connection. 
For example, in welding procedures which require 
joining of a seam line longer than about 30 inches 
(about 750 mm or more), thermal effects often cause 

45 the gap to tend to separate as the weld bead is applied 
at a first end, causing welding device alignment prob- 
lems and compromising the efficiency and quality of 
the resulting weld. As used herein, the term "relatively 
long" will be understood to connote a seam line or 

so weld which is sufficiently long to allow thermal effects 
to interfere with the maintenance of proper gap width 
and efficiency of the welding process. While the 
threshhold length may vary depending upon a num- 
ber of variables including materials involved, gap 

55 width, sheet thickness, welding conditions, quality of 
edge cuts along the seam, and the like, thermal prob- 
lems are almost always encountered when the seam 
line length exceeds about 750 mm. 
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Consequently, while many attempts have been 
implemented to address the continuing need to opti- 
mize laser welding speed and quality, each were lim- 
ited by the length of the weld, power requirements for 
the laser devices applied, and effective welding 
speed along the length of the seam. While improve- 
ments to vision systems for monitoring the seam gap 
width and weld bead quality have been made, and 
methods for automatically aligning and fixturing 
sheets to be butt welded are now available, an appa- 
ratus and method for optimising the speed of high 
quality laser welding to provide fast part cycle times 
with a relatively low capital cost has not been ach- 
ieved heretofore. 

DISCLOSURE OF THE INVENTION 



DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings in detaB, wherein 
like numerals indicate the same elements throughout 
the views, Fig. 1 represents a partial top plan view (in 
substantially schematic format) of an improved laser 
welding apparatus 10 made in accordance with the 
present invention. Generally, laser welding apparatus 
1 0 comprises a welding table 20 having an upper sur- 
face 22 provided with a pair of spaced guide rails 23. 
A movable plate or sheet support carriage 30 is 



It is an object of the present invention to provide 
a laser welding system to accommodate large sheets 
with relatively long weld lengths, wherein the system 
has a relatively low capital cost with a high part cycle 
rate. 

It is another object of the present invention to pro- 
vide an apparatus and method which optimizes part 
cycle rates and laser welding operations by minimiz- 
ing sheet handling requirements, combining an effec- 
tive and automatic part fixturing arrangement and 
minimizing actual welding time. 

It is yet another object of the present invention to 
provide an improved laser welding apparatus and 
method for butt welding a plurality of metallic sheets 
along a relatively long common seam line by utflizing 
a plurality of substantially identical laser welding de- 
vices which can be simultaneously operated to weld 
different, but overlapping, portions of such common 
seam line. 

It is another object of the present invention to pro- 
vide an improved laser welding apparatus which in- 
cludes the use of multiple welding heads which oper- 
ate simultaneously on contiguous segments of the 
common seam line between abutting metallic parts, 
with each of those laser welding devices having inde- 
pendent seam tracking capabilities. 

In accordance with one aspect of the present in- 
vention, butt welding a plurality of metallic sheets 
along a relatively long common seam line is accom- 
plished by providing a welding table with an upper sur- 
face on which a plurality of metallic sheets are sup- 
ported and aligned such that their common seam line 
is situated along a longitudinal axis of the table. A plur- 
ality of laser welding devices are provided above the 
upper surface and aligned along the common seam 
line and spaced substantially equidistant from one an- 
other at a first distance along the longitudinal axis. In 
a preferred arrangement, each welding device inde- 
pendently tracks the portion of the seam line which it 
is to weld. A plurality of sheets are loaded onto the up- 
per surface, whereby a first sheet is loaded along a 
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transverse axis of the welding table from one of a pair 
of transversely spaced side edges. A second sheet is 
provided generally along the transverse axis and from 
the opposite side edge of the table. The metallic 
sheets are aligned on the upper surface in abutting re- 
lationship along the seam line and clamped for weld- 
ing. Thereafter, relative movement between the weld- 
ing devices and the seam line along the longitudinal 
axis is provided while the welding devices are simul- 
taneously operated, whereby each laser welds only a 
portion of the sheets along the seam line. The length 
of the relative movement is greater than the first spac- 
ing distance to insure that a continuous weld bead is 
provided along the common seam line. In a preferred 
embodiment, the individual sheets are moved into in- 
timate abutting relationship, and, thereafter clamped 
against further movement, by a plurality of electro- 
magnetic devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims 
particularly pointing out and distinctly claiming the 
present invention, it is believed that the same will be 
better understood from the following description taken 
in conjunction with the accompanying drawings in 
which: 

Fig. 1 is a partial top plan view of an improved las- 
er welding apparatus made in accordance with 
the present invention; 

Fig. 2 is a partial front elevational view of the laser 
welding apparatus of Fig. 1; 
Fig. 3 is an enlarged, partial cross-sectional view 
of a portion of the laser welding apparatus of Figs. 
1 and 2; 

Fig. 4 is a partial top plan view of an alternate pre- 
ferred embodiment of the upper surface of the 
welding table of the present invention; 
Fig. 5 is a schematic illustration of an alternate 
embodiment of a preferred arrangement for pro- 
viding transverse adjustment of the welding de- 
vices of the present invention; and 
Fig. 6 is a partial top plan view in schematic form 
of an alternate preferred embodiment of a laser 
welding apparatus made in accordance with the 
present invention. 
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mounted on guide rails 23 for reciprocable movement 
parallel to the longitudinal axis L of apparatus 10. A 
ball screw 26 and ballscrew drive motor 25 are illu- 
strated in phantom in Fig. 1 , as being arranged gen- 
erally along longitudinal axis L for selectively recipro- s 
eating movable plate 30 along table 20. 

It is contemplated that a ballscrew nut (e.g., nut 
28 shown in Fig. 2) would be associated with plate 30 
to convert rotational movement of ballscrew 26 into 
longitudinal movement of plate 30 relative to table 20. 10 
As illustrated in Fig. 1, plate 30 would have a range 
of movement (R) across a substantial portion of table 
20. 

The top surface 34 of movable plate 30 may also 
preferably include a plurality of rollers 36, which may 15 
include some powered rollers, to facilitate movement 
of metallic sheets (e.g., 12, 13a and 13b) into abutting 
relationship along a common seam line (e.g., 15) 
therebetween. As indicated in phantom in Fig. 1, roll- 
ers 36 might preferably be slightly offset with respect to 
to transverse axis T to urge incoming metallic sheets 
toward longitudinal axis L and against preliminary 
alignment stops 32 protruding upwardly from top sur- 
face 34. Stops 32 may be utilised to insure a consis- 
tent reference for left margin of abutted sheets, and 25 
to assist in preliminary alignment of sheets. 

Fig. 1 illustrates movable plate 30 as it would be 
situated on upper surface 22 to receive incoming met- 
allic sheets (e.g., 12 and 13, sheet 13 shown as com- 
prising sheets 1 3a and 1 3b). Particularly, loading con- 30 
veyor 17 is located adjacent the lower edge of mov- 
able table 30 to provide a first sheet (e.g., 12) gener- 
ally along transverse axis T from a first side edge 38 
of table 20. Conveyor 17 can comprise a live roller 
conveyor, a belt conveyor, or (as will be described be- 35 
low) a mechanical or robotic loading device. As will be 
understood, the relative dimensions of loading con- 
veyor 17, top surface 34, and laser welding apparatus 
10 in general, can be designed to accommodate met- 
allic sheets having varying widths (e.g., width D) as 40 
appropriate. The release of a particular sheet 12 from 
conveyor 1 7 onto top surface 34 may be controlled by 
an operator, or automatically controlled by a computer 
or other control mechanism. 

Similarly, a second sheet 1 3 (e.g., sheets 1 3a and 45 
13b) will be provided via loading conveyor 18 gener- 
ally along transverse axis T from the opposite side 
edge 39 of welding table 20. Preliminary alignment of 
first and second sheets 12 and 13, respectively, may 
preferably be accomplished along common seam line so 
15 by providing one or more retractable alignment 
stops 49 between the incoming sheet products along 
longitudinal axis L As best illustrated in Fig. 2, it is pre- 
ferred that retractable stops 49 depend downwardly 
from the under-surf ace of cross beam 42 between ad- 55 
jacent welding devices 50. It is understood, however, 
that stops 49 could alternately be extended upwardly 
from adjacent top su - r *ce 34. During supply of sheets 



12 and 13 to table 20, stops 49 would be extended to 
a position adjacent top surface 34 to provide prelim- 
inary alignment of the facing proximal edges of sheets 
12 and 13 along their common seam line 15. Follow- 
ing initial alignment, stops 49 would be retracted to 
enable final alignment of sheets 12 and 13 in intimate 
abutting relationship. 

A bridge or gantry 40 is located above upper sur- 
face 22 and top surface 34, and supports a plurality 
of laser welding devices 50. As best illustrated in 
Fig.2, it is contemplated that bridge 40 win include a 
cross beam 42 supported on opposite ends by verti- 
cal columns 43 and 44, respectively, it is preferred 
that at least a portion of cross beam 42 above welding 
table 20 includes a hollow portion for housing laser 
beams and optical devices for directing the beams to 
welding devices 50, as appropriate. 

One or more laser sources (e.g., 54 and 55) are 
provided to supply a laser beam or beams of prede- 
termined wavelength and power to welding apparatus 
10. As illustrated in Fig. 1, several laser sources 54 
and 55 may be spaced somewhat remotely from gan- 
try 40, and their beams might be supplied through ap- 
propriate protective conduits 56. Appropriate reflect- 
ing mirrors (e.g., 58) would be provided to direct the 
incoming radiant energy into the hollow portion of 
cross beam 42 for supply to the welding devices 50. 

As illustrated in Fig. 2, a plurality of welding de- 
vice supports 46 attach to the lower portions of cross 
member 42 for location and support of a plurality of 
welding devices 50. Additional reflecting mirrors, 
beam splitters and/or simBar optics (e.g., 60-62) as 
desired may be incorporated direct appropriate por- 
tions of the incoming laser beams 52 to the individual 
welding devices 50. 

As best illustrated in Fig. 3, one or more incident 
laser beams 52 will be directed to welding devices 50, 
such as via intercepting beam splitter 60 and mirror 
61, respectively. An embodiment wherein beam 52 
having a predetermined diameter B is divided into two 
approximately equal portions by a first intercepting 
beam splitting mirror 60 and a second reflecting mir- 
ror 61 is shown in Fig. 3. It may also be preferred to 
provide mirrors 60 and 61 with rotary control stages 
63 to permit adjustment of the location of the focal 
point or beam spot of any particular welding device 50 
in operation. As indicated in Figs. 1 and 2. a laser 
welding apparatus 10 made in accordance with the 
present invention may include a plurality of welding 
devices 50, supplied from one or more laser sources 
(e.g., 54 and 55). Consequently, the nearer half (not 
shown) of cross beam 42 illustrated in Fig. 3 might 
also preferably include similar optical devices for pro- 
viding a laser beam to additional welding devices 50. 

As best seen in Figs. 2 and 3, it is also contem- 
plated that a plurality of welding devices 50 will be in- 
dependently adjustable in a direction parallel to trans- 
verse axis T in order to track a seam line 1 5 for accu- 
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rate application of welding energy thereatong. it is fur- 
ther preferred that such individual tracking and align- 
ment with portions of a common seam line 15 will be 
facilitated by a separate visual imaging system or 
alignment device 70 associated with each welding de- s 
vice 50. While each welding device 50 is preferably 
provided with its own adjustment apparatus, there 
may be applications (e.g., where sheets to be welded 
have very high quality sheared abutting edges) in 
which some of the welding devices might be adjust- 10 
able only in conjunction with one or more other weld- 
ing device. 

U.S. patent application Serial No. 07/508,904, 
filed April 12, 1990 and issued as U.S. Patent 
5045668, sets forth a preferred arrangement for au- 15 
tomatically aligning a butt welding device along a 
seam line and including a line scan camera (e.g., 72) 
which monitors a protected image in an illuminated vi- 
sion area. The disclosure of such co-pending applica- 
tion is hereby incorporated herein by reference. 20 

A seam sensor circuit 71 provides monitored data 
concerning the gap between confronting edges of 
sheets to be butt welded for use in a camera controller 
81 and a system controller, such as computer 80. In 
this way, each individual welding device can be inde- 25 
pendently adjusted along transverse axis T to precise- 
ly and accurately track the portion of seam line 15 
which it is traversing during welding operations. As will 
be understood, rotating, oscillating or translating sta- 
ges 63 can provide movement of reflecting mirrors 30 
(e.g., 60-62) for moving the beam spot of a welding 
device 50 in response to control signals. As will be un- 
derstood, it is the beam spot which must be adjusted 
to precisely track seam 15. A focusing lens 64 is pro- 
vided in each welding device 50 to concentrate the 35 
laser energy onto the surfaces to be welded. 

Once a plurality (typically two) of sheets (e.g., 12 
and 13) are supplied to top surface 34, and aligned in 
close abutting relationship along a common seam line 
(e.g., see line 15 of Fig. 1), the sheets will be situated 40 
directly below welding devices 50. Welding devices 
50 are each preferably effectively spaced from one 
another at a predetermined distance (e.g., distance 
X) in a direction along longitudinal axis L. Distance X 
may differ between particular applications, depend- 45 
ing upon the length of the common seam line to be 
welded, the number of welding devices 50 available 
for welding, the welding power available for each 
welding device, and the desired reciprocation speed 
of movable plate 30. Generally, the welding devices so 
will be equally spaced in most applications. It should 
be noted, however, that the actual distance between 
adjacent welding devices 50 is not critical. It is the 
beam spot of each welding device, as applied to the 
common seam line 15, which must be spaced apart 55 
along axis L and seam line 15. As used herein, the 
term "effectively spaced" will be understood to con- 
note that the critical spacing of the adjacent beam 



spots is provided by spacing and/or beam orientation 
of the welding devices themselves. 

For example, where three welding devices are 
available and aligned along common seam line 15, 
distance X would preferably be slightly less than one- 
third D, where D is the effective length of common 
seam line 1 5 to be welded. As shown in Fig. 2, it is pre- 
ferred that prior to initiating welding procedures and 
movement of plate 30, the right-most welding device 
50 should be aligned substantially adjacent the right- 
most end of seam line 15. Thereafter, relative move- 
ment between welding devices 50 and seam line 15 
is created by reciprocation of movable plate 30 toward 
vertical column 43 by energizing ballscrew drive 25 
accordingly. Simultaneously, welding devices 50 are 
also energized in order to weld sheets 12 and 13 to- 
gether. Each particular welding device 50 welds a dif- 
ferent portion of seam line 15, and that portion is de- 
termined by initial location of welding devices 50 and 
movement of plate 30. As will be understood, the dis- 
tance which plate 30 is reciprocated toward vertical 
column 43 should be slightly greater than the distance 
X in order to insure some overlap of welding along 
seam line 15. 

Following welding operations, further movement 
of plate 30 preferably moves the now welded sheets 
(i.e., welded sheet 99) from below welding devices 50 
into an unloading area 45 (as best seen in Figs. 1 and 
2). Means 93 for removing welded sheets from plate 
30 is reciprocably mounted on cross beam 42, such 
as by connection 94 slidably received within guide 
track 48. Removal means 93 preferably includes one 
or more telescoping extendable cylinders 98 which 
support a transversely oriented cross-bar 95, which in 
turn supports a plurality of clamping devices 97. Re- 
moval means or device 93 reciprocates along guide 
track 48 to position itself over unloading area 45, 
whereupon extendable cylinders 98 lower the cross 
bar 95 and clamping devices 97 into contact with a 
welded finished product 99. 

it is contemplated that clamping devices 97 may 
comprise suction devices, electromagnetic devices, 
mechanical damps, or similar clamping structure for 
engaging and grasping a welded sheet 99 (shown in 
phantom in Fig. 1). The welded sheet is lifted from 
movable table 30 and moved longitudinally parallel to 
axis L and the welded seam line 15 onto unloading 
conveyor 90 having a plurality of rollers 91 . As soon 
as finished product 99 is removed, table 30 can return 
to Hs loading position for receiving additional sheets 
12 and 13 to be aligned and welded. Some of the roll- 
ers 91 on conveyor 90 can be powered to remove fin- 
ished products 99 in a direction indicated by the arrow 
P, generally perpendicular to longitudinal axis L. 

Fig. 4 illustrates a preferred embodiment of the 
top surface 134 of a movable plate 130 made in ac- 
cordance herewith. Particularly, instead of rollers 
(e.g., 36 shown in Figs. 1 and 2), a plurality of elec- 
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tromagnetic devices 1 85 and 1 89 are illustrated as lo- 
cated along top surface 134. As set forth in applica- 
tion Serial No. 07/508,901 filed April 12, 1990, and is- 
sued as U.S. Patent 5,023,427 (the '427 patent) on 
June 11, 1991 (the disclosure of such patent being s 
hereby incorporated herein by reference), appreci- 
ably magnetic individual sheets can be automatically 
supported and aligned along a common seam line by 
creating an effective magnetic pole along the proxi- 
mal edge of one of the sheets, and an effective mag- 10 
netic pole of opposite polarity along the confronting 
proximal edge of the other of said sheets. 

As set forth in the '427 patent, it is contemplated 
that electromagnet 186 and its excitation coils 187 
can be utilized to create the effective magnetic poles 1$ 
necessary to automatically align metallic sheets in in- 
timate abutting relationship along a common seam 
line as required herein. Moreover, once in close abut- 
ting relationship, the metallic sheets can be clamped 
in place by magnetic hold downs, including the addi- 20 
tional electromagnets 189. As further noted in the 
'427 patent, effective vibrating forces to reduce fric- 
tion of sheets to be aligned and clamped can be im- 
plemented by energizing selected electromagnets 
with alternating current Alternately, clamping^can be 25 
accomplished by mechanical hold downs or the like. 

The balance of the structural features of movable 
plate 1 30 are substantially the same as those descri- 
bed above with respect to movable plate 30. However, 
it has been further determined that in order to control 30 
thermal energy created by Joule heat from excitation 
of the electromagnets, means for cooling electromag- 
net alignment device 185 and the additional electro- 
magnets 189 may be preferred. Particularly, small 
gap widths common in laser welding can be signifi- 35 
cantly effected by varying temperatures due to ex- 
pansion and contraction. Consequently, the electro- 
magnets of alignment device 185 and additional elec- 
tromagnets 189 might preferably be cooled by provid- 
ing cooling channels (not shown) through the coSs 40 
and poles thereof, or via other heat control means 
known in the industry. 

Fig. 5 illustrates schematically an embodiment 
wherein the signal received from the seam tracker or 
visual imaging system (e.g.. 70 of Fig. 2) controls a 45 
motorized translational stage 163 to enable welding 
device 150 to dynamically track seam line 115. Par- 
ticularly, welding device 150 represents one of a num- 
ber of similar welding devices which would be spaced 
along a cross beam 142 of a gantry or bridge as de- so 
scribed above. In order to enable adjustment transla- 
tion of laser beam spot 179 transversely (i.e., in direc- 
tion T') across seam line 115 (i.e., perpendicularly to 
longitudinal axe L'), mirror 167 and focusing lens 164 
are attached as a unit to translational stage 1 63 which 55 
can selectively move device 150 along transverse 
axisT'. 

Stage 163 preferably comprises a laser support 

6 



146 slidably attached to cross beam 142 for recipro- 
cation relative thereto, and a rotatable ball screw 169 
driven by a ballscrew motor 192 and threaded into a 
non-rotatable nut 168 attached to support 146. Rota- 
tional movement of ballscrew 169 thereby selectively 
translates welding device 150 and its beam spot 179 
along axis T'. A portion 1 53 of incident laser beam 1 52 
can be directed to mirror 167, such as by intercepting 
beam splitter or mirror 1 60, and transverse movement 
along axis V will not effect the direction of beam por- 
tion 153 to focusing lens 164. In this arrangement, 
alignment of the laser optics need not be altered in or- 
der to provide dynamic tracking of seam line 115 by 
laser 150. 

Any number of welding devices 150 can be 
spaced along cross beam 142 in this substantially on- 
line arrangement Additionally, it is contemplated that 
welding devices 150 could equally be arranged in an 
off-line or off-axis manner, whereby an off-axis para- 
bolic reflector (not shown) might be provided within a 
welding device as part of the mirror/focusing assem- 
bly to direct the laser spot onto the seam line. 

Fig. 6 ilustrates yet another preferred embodi- 
ment of a laser welding apparatus 210 made in accor- 
dance herewith. Particularly, welding table 220, gan- 
try or bridge 240, movable plate 230 with its electro- 
magnetic alignment device 285 (actually hidden in 
this view below gantry 240 and welding devices 250) 
and electromagnets 289, removal means 293, and 
laser welding devices 250 are substantially identical 
in structure and operation to corresponding structure 
shown and described above. As illustrated, however, 
loading conveyors 17 and 18 have been substituted 
by off-line loading conveyor systems 217 and 218, re- 
spectively. 

Loading conveyor system 217 provides for que- 
ing of sheet material 21 2 from a supply 102, which can 
be a co3 supply, to a loading mechanism, such as ro- 
bot 105. The sheet material is provided through a slit- 
ter or shear (e.g., single or double cut) 1 00 from which 
cut sheet 212 is conveyed, such as via a live roller 
conveyor section. The sheet is then lifted from loading 
conveyor system 217 by a loading robot 105, and 
placed onto movable table 230 in a direction generally 
parallel to transverse axis T. Similarly, loading con- 
veyor system 218 supplies a second sheet 213 gen- 
erally parallel to transverse axis T from the opposite 
side edge 239 of table 220. 

After welding operations and pick-up by removal 
means 293, a finished product (i.e., welded sheet) 
299 is moved along unloading conveyor 290 in a di- 
rection substantially perpendicular to longitudinal axis 
L for placement at a storage area 1 08 by an unloading 
robot 107. The entire welding apparatus 210 and its 
processes may be preferably controlled by a central 
control unit or computer 280 as Illustrated. 

Having shown and described the preferred em- 
bodiments of the present invention, further adaptions 
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of the laser welding apparatus and method set forth 
herein can be accomplished by appropriate modifica- 
tions by one of ordinary skill in the art without depart- 
ing from the scope of the present invention. Several 
potential modifications have been mentioned, and s 
others will be apparent to those skilled in the art For 
example, relative movement between the welding de- 
vices and the common seam line between abutted 
sheets might be provided by movement of the welding 
devices along the bridge in place of or in addition to io 
movement of the sheets relative to the bridge. Simi- 
larly, the direction of removal of finished products on 
the unloading conveyor could be modified to best con- 
form with particular manufacturing procedures and 
processing arrangements. Accordingly, the scope of is 
the present invention should be considered in terms 
of the following claims, and is understood not to be 
limited to the details of structure and operation shown 
and described in the specification and drawings. 



Claims 

1. An improved laser welding apparatus for butt 

welding a plurality of metallic sheets along a rel- 25 
atively long common seam line, said apparatus 
comprising: 

- a welding table having an upper surface on 
which a plurality of metallic sheets may be 
supported for welding along a common seam 30 
line, a longitudinal axis along .which said 
seam line will be aligned, a transverse axis 
substantially perpendicular to said longitudi- 
nal axis, and a pair of transversely spaced 
side edges; 3S 

- a plurality of substantially identical laser 
welding devices mounted above said upper 
surface and aligned such that their welding 
beams wll be directed along said common 
seam line, said welding devices each being 40 
effectively spaced at a distance from one an- 
other along said longitudinal axis, and means 

for independently adjusting a plurality of said 
welding beams in a direction parallel to said 
transverse axis to track said seam line; 45 

- means for loading sheets to be butt welded 
onto said upper face, said loading means pro- 
viding a first sheet generally along said trans- 
verse axis from one side edge of the table, and 

a second sheet generally along said trans- 50 
verse axis and from the other side edge; 

- means for aligning said metallic sheets on 
said upper surface in abutting relationship 
along a common seam line; and 

- means for simultaneously moving said weld- 55 
ing devices relative to said seam line along 
said longitudinal axis, and means for simulta- 
neously operating said welding devices to 



weld said sheets together, whereby each laser 
welds only a portion of said sheets along said 
seam line and the length of said relative move- 
ment is greater than said spacing distance be- 
tween adjacent welding devices to insure 
some overlap of welding along said seam line. 

2. The apparatus of claim 1, wherein said common 
seam line has a predetermined length, and said 
welding devices are spaced substantially equidis- 
tant from one another above said upper surface 
along said length. 

3. The apparatus of claim 1, further comprising 
means for preliminarily aligning said sheets on 
said upper surface and along said longitudinal 
axis. 

4. The apparatus of claim 3, wherein said aligning 
means comprises selectively retractable stops 
which can be moved to operable position to pre- 
liminarily align said sheets, and moved to retract- 
ed position prior to welding operations. 

5. The apparatus of claim 1, further comprising a 
bridge located above said upper surface and sup- 
porting said laser devices, said bridge extending 
in a direction substantially parallel to said longitu- 
dinal axis. 

6. The apparatus of claim 5, further comprising 
means for removing welded sheets from said up- 
per surface, said removing means comprising a 
clamping apparatus attached to said bridge and 
movable in a direction parallel to said longitudinal 
axis. 

7. The apparatus of claim 5, further comprising re- 
tractable stops attached to said bridge and ex- 
tending downwardly therefrom in aligning opera- 
tions to preliminarily align said sheets along said 
longitudinal axis. 

8. The apparatus of claim 1 , wherein said means for 
aligning said sheets in abutting relationship com- 
prises a magnetic alignment device. 

9. The apparatus of claim 1 , wherein said means for 
aligning said sheets comprises a plurality of off- 
set feed rollers mounted adjacent said upper sur- 
face to direct said sheets into abutting relation- 
ship along said common seam line. 

1 0. The apparatus of claim 1 , wherein said means for 
loading sheets to be butt welded comprises a pair 
of robots, one of said robots placing sheets on 
said upper surface from said transverse side 
edge of said table, and the other placing sheets 
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from the other of said transverse side edges, 
whereby said sheets approach each other in a di- 
rection generally parallel to said transverse axis. 

11. The apparatus of claim 1, wherein each of said 
laser welding devices is connected to an auto- 
matic alignment vision system for individually 
controlling and adjusting the transverse position 
of its welding beam to precisely align with said 
seam line. 



between said sheets, and the length of said 
relative movement is greater than said spac- 
ing distance between adjacent welding devic- 
es to insure some overlap of welding along 
5 said seam line. 

14. The apparatus of claim 13, wherein said common 
seam line has a predetermined length, and said 
welding devices are substantially equally spaced 
10 above said upper surface along said length. 



1 2. The apparatus of claim 1 , wherein said means for 
simultaneously moving said welding devices rel- 
ative to said seam line comprises a movable por- 
tion of said upper surface of said table, said mov- 15 
able portion supporting said sheets and movable 

in a direction parallel to said longitudinal axis. 

13. An improved laser welding apparatus for butt 
welding a plurality of metallic sheets along a rel- 20 
atively long common seam line, said apparatus 
comprising: 

- a welding table having an upper surface on 
which a plurality of metallic sheets may be 
supported for welding along a common seam 25 
line, a longitudinal axis along which said seam 

line will be aligned, a transverse axis substan- 
tially perpendicular to said longitudinal axis, 
and a pair of transversely spaced side edges; 

- a bridge located above said upper surface 30 
and supporting said laser devices, said bridge 
extending in a direction substantially parallel 

to said longitudinal axis; 
-a plurality of substantially identical laser 
welding devices mounted on said bridge and 35 
aligned such that their welding beams will be 
directed along said common seam line, said 
welding devices each being effectively 
spaced at a distance from one another along 
said longitudinal axis, and each welding de- 40 
vice beam being independently adjustable in 
a direction parallel to said transverse axis to 
track said seam line; 

- means for loading sheets to be butt welded 
onto said upper face, said loading means pro- 45 
viding a first sheet generally along said trans- 
verse axis from one side edge of the table, and 

a second sheet generally along said trans- 
verse axis and from the other side edge; 

- means for aligning said metallic sheets on so 
said upper surface in abutting relationship 
along a common seam line; and 

- means for simultaneously moving said weld- 
ing devices relative to said seam line along 
said longitudinal axis, and means for simulta- 55 
neously operating all of said welding devices 

to weld said sheets together, whereby each 
laser welds only a portion of said seam line 



15. The apparatus of claim 13, further comprising re- 
tractable stops attached to said bridge and ex- 
tending downwardly therefrom in aligning opera- 
tions to preliminarily align said sheets along said 
longitudinal axis. 

16. The apparatus of claim 13, wherein said means 
for aligning said sheets in abutting relationship 
comprises a magnetic alignment device. 

17. An improved method for butt welding a plurality of 
metallic sweets along a relatively long common 
seam line between said sheets, said method 
comprising the following steps: 

- providing a welding table having an upper 
surface on which a plurality of metallic sheets 
may be supported for welding along a com- 
mon seam line, a longitudinal axis along which 
said seam line will be aligned, a transverse 
axis substantially perpendicular to said longi- 
tudinal axis, and a pair of transversely spaced 
side edges; 

- locating a plurality of substantially identical 
laser welding devices above said upper sur- 
face and aligning said devices such that their 
welding beams will be directed along said 
common seam line, said welding devices 
each being effectively spaced at a distance 
from one another along said longitudinal axis, 
and each welding device beam being inde- 
pendently adjustable in a direction parallel to 
said transverse axis to track said seam line; 

- loading a plurality of sheets to be butt welded 
onto said upper surface, said loading step 
providing a first sheet generally along said 
transverse axis from one side edge of the ta- 
ble, and a second sheet generally along said 
transverse axis and from the other side edge; 
-aligning proximal edges of said metallic 
sheets on said upper surface in abutting rela- 
tionship along a common seam line; and 

- simultaneously operating said welding de- 
vices while providing relative movement be- 
tween said welding beams and said seam line 
along said longitudinal axis, whereby each 
welding beam welds only a portion of said 
sheets along said seam line and wherein said 
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relative movement extends along said longitu- 
dinal axis for a length which is greater than 
said spacing distance to insure some overlap 
of welding along said seam line. 

5 

18. The method of claim 17, wherein said step of op- 
erating said laser devices comprises individually 
controlling the transverse positioning of each las- 
er beam to independently track the seam line dur- 
ing welding procedures. 10 

19. The method of claim 1 7, wherein said step of pro- 
viding relative movement between said welding 
beams and said seam line comprises reciprocat- 
ing a movable portion of said upper surface of 15 
said table supporting said sheets in a direction 
parallel to said longitudinal axis while said laser 
welding devices remain substantially stationary 
along said longitudinal axis. 

20 

20. The method of claim 17, wherein said step of 
aligning said sheets in abutting relationship com- 
prises creating an effective magnetic pole along 
the abutting edge of one or more of said sheets 

on said upper surface, and creating an effective 25 
magnetic pole of opposite polarity along the con- 
fronting edge of an oppositely facing sheet to 
cause magnetic attraction therebetween to auto- 
matically align such edges in intimate abutting re- 
lationship. 30 

21. The method of claim 17, further comprising the 
step of unloading sheets which have been welded 
together, wherein said unloading comprises mov- 
ing said welded sheet in a direction parallel to 35 
said longitudinal axis and said common seam 
line. 

22. An improved laser welding apparatus for butt 
welding a plurality of metallic sheets along a rel- 40 
atively long common seam line, said apparatus 
comprising: 

- a welding table having an upper surface on 
which a plurality of metallic sheets may be 
supported for welding along a common seam 45 
line, a longitudinal axis along which said seam 

line will be aligned, a transverse axis substan- 
tially perpendicular to said longitudinal axis, 
and a pair of transversely oppositely spaced 
side edges; 50 

- at least one laser welding device mounted 
above said upper surface and aligned such 
that its welding beam will be directed along 
said common seam line; 

- means for loading a plurality of sheets to be 55 
butt welded onto said upper face, said loading 
means having a first means for providing a 
first sheet generally along said transverse 



axis from one side edge of the table, and sec- 
ond means for providing a second sheet gen- 
erally along said transverse axis and from said 
oppositely spaced side edge; 
- means for aligning said metallic sheets on 
said upper surface in abutting relationship 
along a common seam line; and 
-means for unloading sheets which have 
been welded together along said common 
seam line, said unloading means comprising 
means for moving said welded sheets in a di- 
rection parallel to said longitudinal axis and 
said common seam line. 

23. The apparatus of claim 22, wherein said first and 
second means for providing sheets each com- 
prise a conveyor which supplies sheets to be 
loaded to respective oppositely spaced side 
edges. 

24. The apparatus of claim 22, wherein said means 
for unloading comprises a removal device which 
reciprocates along a cross beam located above 
said welding table along said longitudinal axis. 

25. An improved method for butt welding a plurality of 
metallic sheets along a relatively long common 
seam line between said sheets, said method 
comprising the following steps: 

- providing a welding table having an upper 
surface on which a plurality of metallic sheets 
may be supported for welding along a com- 
mon seam line, a longitudinal axis along which 
said seam line will be aligned, a transverse 
axis substantially perpendicular to said longi- 
tudinal axis, and a pair of transversely oppo- 
sitely spaced side edges; 

- locating at least one laser welding device 
above said upper surface and aligning said 
device such that its welding beam wOl be di- 
rected along said common seam line, said 
welding beam being independently adjustable 
in a direction parallel to said transverse axis to 
track said seam line; 

- loading a plurality of sheets to be butt welded 
onto said upper surface, said loading step in- 
cluding the steps of providing a first sheet 
generally along said transverse axis from a 
first side edge of the table, and providing a 
second sheet generally along said transverse 
axis and from the opposite side edge; 
-aligning proximal edges of said metallic 
sheets on said upper surface in abutting rela- 
tionship along a common seam line; 

- welding said aligned sheets together along 
said common seam line; and 

- unloading said welded sheets by moving 
them in a direction substantially parallel to 



BNSDOCID: <EP 052281 1A1_I_> 




17 EP 0 522 811 A1 

said longitudinal axis and said common seam 
line. 

26. The method of claim 25, wherein a plurality of 
substantially identical laser welding devices are 
located above said upper surface such that their 
respective welding beams are effectively spaced 
from one another along said longitudinal axis 
such that each welds only a portion of said sheets 
along said common seam line. 

27. The method of claim 25, wherein said unloading 
step comprises lifting the welded sheets from 
said table and moving them in a direction parallel 
to said longitudinal axis so that other sheets to be is 
welded can be loaded onto said upper surface. 

28. The method of claim 27, further comprising the 
step of placing an unloaded welded sheet on a 
conveying device for further processing. 20 
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